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Abstract

‘The basic questions addressed in this papey a5¢ how 1o
avoid fudure surprise growth in Mission Operations anad
Dade Analysis (MO&DA) costs, and how 10 miniinize
total MOETDIA costs for planclary missions. The contex
of this paper and its accompanying, conclusions s in the
arena of P10 wdssion optrations support, Yhe
fundamental conclision is that there is no simple, single
solution: the entire 1'roject Uie eycle yauat be addessed.
Thisis not a new message. I haa bien partof the reshs
of cach of the MASA-oriented MO&DA rost studies
which have accined aver the Jast many years

This paper provides a seties of speaific conclusions as
dgelorndined from two studics ained @t breakdng the
hdstovical mold. Several reguive changing the intecface
betwoen NASA Meadquariers amd JPY. managienwd
Alzo identificd are devaopments of beiten 10ols 10 st in
catimating, and compoolling MOK& DA costs.

Tins papes wall TH provide o gcn(-ml batkyound of
MOE DA st 10T (7) 1lustrate the conclusions via
examples drawn from [PL mdssions, and (2) diseuss the
piteome tasks are they are carrently heing; effected.

Background - Hetling the Slage

The basic gquestions addressed here are how 10 avoid
fuluee surpase geowth in MO&DA costs, and how 10
minimize total MOLDA costs for planctary ndasione,
The fundamental conchrann s thet there 16 no ziml)h-
single sololion: 1he onlive Vroject Bile eyele st be
Lallun o shored NASA Headquariens, JP1,

addressed
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and Science Cormmunity managomnent discipline is
found for balanring the Plight and Ground Development
process and for conteollings mission desigrme and sivnte
appetite; o1 else NASA roust expect late surprises to be
the 1o, requiting greaier 1eserves in eorly MO&DA
ln.ﬂl‘_.

This is 10t & Rew nessage. JUhas been parl of the resnlts
of cach af the MO&DA coat studics which have occorred
over the Tast iany years, NASA has been Jiving, in an
envivonment that has conaistently foreed tedoad and
stretehed develapment budgets where ouglochoiees had
1o b made, 1 hese choiees nvarably includesd the delay
of Ground System detaled definition and development
wilh aeapeet 10 the Fhghd The lack of valy
detailed debuiton of the Groand Systesa sd Opwerations
Jraves Operabons albequpped 1o detewd or even
propedy identify Fhpht Gronnd  trades and vather
nednrally Ieads to Tale svvpiises

Cyslean

Faovdhennorg, even the west el MOSDA syslom
can not ameliorate the costs associated with desigms of
poor opcrability for extiemely complex missions. I is
addvessing the 1elplive conbiibulions 1o the ¢osts of the
MO&EDIA, viz Hipn high to Jower) seieince reqnircinenls,
WHsSion requircments, spacecralt opoability, and
giotnd systein operability.

I interviews with the Mission Operations Managers of
all aclive planctary misslons, a common Hime was one
of e value of teday's (developinent) doltar versus
tomorrow'ss (MO&IYA)Y dollat. “This thine value ol
funding, was vecogpized as a fani of life and puavided the
basds for ndrepnes in MOLDA cout doring the prajuct life
cyete,

This paper povices a sevies of gpecihic aclione airnen e
bweaking the historical raold. Alwo ideatificd are ot
in-process end recommended developmonts of botter
tools 1o add by estinuding and controlling MO&LDA costs.

At this point it is imporkot to pause ind ke @n
imporiont point. There is o need importand cnough that
it showld not gel lost ... inarcased funding, is needed for
continuous improvemcnt plus advanced delinition and
development in MO&DIA onls and systeras to address
suppml for futue missiens. For withoul continuos
improvenumd efforts anad s advanced work, JPL will
e doored 1o eontivae business 25 taual
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Frsentially ihe stogies were divegied loward addrensing
{wo prumary needs:

(D) Eliminate sotpuises bebween NASA andg JPIL }‘-lig'm
Junp"“ 15 with resplct o MOLTIA costs snd yossion
oot f,llillli"l_;‘». This nmu(dmldy leads Lo the

necd for bretler extimeation of Mission Operations

and Dasta Anslysis (MO&DA)Y costs and dhe
accamnpanying botler nmlmymnr‘nt within these
esthnzdes  Included are the jssues associaled with
mpnagement oF pedssion content (hnnp_e.

(2) Minimixe Grovnd Systemr development and
MOADA costs by proper sllendion 1o design,
implewnentation, operations, and controlled changes
to the conmyalete Bfe-cycle, These changes by theb
yatme mclude nodifications to the egquivalent
IPLANASA processts and organizations.

Sromary of Conglusions

The following section docinnents the most cogent
conctusions reachad by the stadics

(1) There has been significant growlh in the Jast
several years in NASA's MO&DA badpet. In some
paris of NASA, the MO&IDIA budpet is approaching
2b% of the total prograin, There are three principal
reusons for this growth:

@) the bow - wave alfect of the post Challenger
deferia) of lmunches and mission oporations,

(Y the increased comaplexity of mission objectives
angd increased lifetinaes of the receinl suite of
INASA misaions, and

(iii) a Jark of atrention to MO&DA rost Eslimabion
and conlainoe,

7y Costomndels are needed thal can presdict both
MOKDA cast an well as Gronnd System
dievelopient costs. 'Phe application of these
modcls, based on historical dafa, would have
possibly enabled degigners 1o better vinderetand
and addiess the issues associaled with mdssion
cormplexily, duration, apuitude, ete. when
catimating MO&DA costs,

(3} Although a meaningful figore of erit {o 63d in
compavative evaluation of projecls coss remained
csive, the stdy efforls did gather soinc cosl data
for a sipnificant sel of GEFC and JPL missions
which sllows sonne modest aonclusions.,
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Figwe 1" shows the fist yvear MO&DA budect

Orornalized 1o 2 full year) plotted against the lotal
L2
of gromnd and flight eystema developments,

At fast plance, Flgnlt‘_‘ T onay appear b to jrist
randnne Sre h( 1. Wheo s renge of pereentagn Bues,
574 and f',/u pre added 10 Yigore 1, g vaelal
]-:th 1 um_r“ the: vesl me‘}'nil) of ndssions fall
i g 3.9% 10 8% band. TUis casy 10 explain alleadl
SO Uf the ootlives such as IRAS, which does ral
mmclude the Bratgsh and 1dutch ¢overed costs or
LANDSAT which does not include the NOAA
covered port of oporations costs. The reasons for
Being high or low within the band are probably
explainable by the detailed differences brtween
projecis. Yor example, TOPRX and Magilian (MG)
both hive unique, very extonsive dala processing
tasks as a pari of the pramary mission while COBL,
Calileo, and Cassind had defcined Quse costs (0
afler e sl year.  Additionally, even Yubble
Space Telescope (H51), which is not shown o
enable betier preserntation, Galts within the range
(3.8%) il reluthichiment is subbracted from the
MOLDA Lwdpct. Thus, 3 vule of humb may be
derived: 3.7% e 8% of tots] Project developanent
cosl is a reasonable volue of firsl year prime
assion MO&TIA coats,

(1) Another s of inderest was the hoportance of
cotsumtimg (l(-vrlupmr_'nt phase foncs we ordes o
reduce MOSEDIA phiase costs. Barficr delimibion ol
the grovnd/operations systen and designing the
g:mmd Ly sten in concert with, instead of dn
yesponse 1o, the flight system design would allow
ear ly definthion, and theveby enable potential
seduelion in the MOLDA phase cosls. Farly and
condinuegd contaimnont Of geience appelite, aud {he
jestdting mission aud flight system complexity, is
the st sighificant way 10 contain/eontrol ground

* 3 Miler of the MO&DA Study team rescarched and
d('vt'l(s;’('d the costing dnta and ¢comparisons for the
toany,

f Foy all tle data for thas sochon, e neni- Leacking
associaded projoct seppost cosls have boeea added the
WSEC pruject costs Thas adpshinent was donelo ke s
clearer comparison to the JPL mnbers which ahways
incnde the cutire ground system development and
operations bodpets except tor the Desep Space Nelwork
(1 %)

7 Rirst Year Operations Cost as a percentage of Total
Project Development Cont




05/23/78%

1i:44 E¥BI8 38T 7450

systen and MOATIA costs. Unfortonately NASA
Les been living inc s funding, environment that
corsistently  forces reduced  and  stictched
development schedules and the  associated,
mevitable diday of ground/opetations system
developanent,

This delay il equips the promd sysiem 1o defend
or even properly identify Flight-Growd rades
early  cnough to cffect the flight system
implomeniation. Also complexity/scope decisions
e made without the ability to make ground
aystom and MOEG DA dmpsct assessincids, This Jast
paind is the fnager condribautorn 10 dsle idendificalion
of MOEIDA cost "surprises”,

Figore 2 shenws the proomd/operations systemn
development rosts as » funclion of 1otal Projest
development costs. Yor misgions with development
costs Yess than $400M theve seems 1o b 1clatively
coscly clustered costs within an arca while
mdssions above that dustered costing hive a noir-
tinear cosl growth. The figure  illustrates (s
rclationship with o 3rd order polynamial Jeact
sguared fit w0 the data al has a 29 correlation,
This fit fnchudes 1157, which is not shown (e
protling reasons, LANDSAT again apprars o bhe o
vnfiue case ancd was not included in the it A fiest,
sensibie intes pritation of this date is ol e s a
relatively fixed ground system oast for Tawer mst
misslons. The next observation is a6 mission cost
giows so does mission complexity then follows
operations eost. The resuling flight system
(‘(xmpl('xiiy CANSeS B grater than huwear p.ruwlh in
pronnd /operstions syvstem coraplexity  and
n-.-uﬂiing FRREA|

(&) Simply stated there is “no silver boliet” for control

of MO TIA vasts, Tdeatification, containiment ancd
cantiod of MO&STIA costs inost st in e projoct
definihion Sl wndd cavry Hlmngh the }nu'y‘_*.;‘l life
("_y('h‘". This naphes s cancorrent L-ny‘in(‘(-xing
process” for e Flight and Ground Lystens
bieginning, with project definition. Alorg witl tlng
concurrency  is a need o1 secognibion of
"proportionality” of the Grouad Syslen s the
Bripght Systerm developonent 1esom oen. The balsnce
of resowmves shonld b rostained at &1 i, i the
Aelmitions aad developeent phasc.

pe
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The early, continned involyvemenl of Croune
System Eagincess o define and document the
Opevations Concepts will provide e basis for trades
ginong mission yeguiteimenty, scicnce requitginents
and flight systemn operability. For corlain this
wwvolvemnend should occm yuior o the Project
Vefinition Cost Review., Theae toades veill eaalde
ceadicn, Letler cost estimatiwone for CGruond Syntem
deyclopnent and oporations (MQ&EIIA). These
opriability and opuations concepts should be
revicwed during cach phowe of he Bleoyde (vie
Vropaat Defindtion Cost Review (PDURY, PDR, and
CPR). ]’hnzn]ly, this dictotes he need oy oo e
formaltzed approsch o spaccciaft operability
reguirements analysis to crble MO&SDIA cost (o be
a parcincter of Ground and Flight trade studics,

(6) Novel ideas with respect 1o handling MO&DA

costs and reserve were investigated. Foremost
wroong these was eslablishing post-Touneh MOSTIA
cost allocations (beginning in the pre-project phss).
This cost aliocation and its associated reserves will
e refined doring the Jife-cycle depending on the
maturity of operations concepts andg  design.
Separation 0f alocation snd rescrves berween the
fiight ond operations systems managers would help
to entablish a "level playing, ficld” (or dealing, with
issues related lo flight and grownd system
opevability.  Then, the MOSL Manager could
potentially spend these reserves in ot least two
ways: (1) 1o fund Fight System operability
improveraents, and (2) 10 pay for Ground System
impact of not teaking, the Fight System changes

{7 The Annooncenyan of Oppartunity (ADY proress

shnald be macdified 1o have a two S1ep acceplanee
progesss a defiraton phase s s confione foe-fhight
phase. "the second steqs, accoruplished s conple of
years pfter inilial selection, will enable 2 totsl
Iife eycle smpact analysis in light of a better
understanding of the mdssion, stencercguincinents,
nstiatneid opciabilily, ¢l

{8) Inorder to botier recogaize changes and control

costs in gencial, 8 modified funding line item break.

down is reconnmmended to distingwish Delween

development costs { pre launeh and post I )

and MO&LDA costs. As shown in Fipae ) are

identified four loe itoms.

¢ Flhipht Systemn developrment. This line item
tncludes all Flight System developaent rogqpmred
for Jpvnch.

This line item

¢ Viight software development,
enables delayed flight software developanent for
nissions that have Jong cruise times

‘.. e ‘ :

Concurreni kngineering, refess 1o 1he process by which
all disciplines/fonctions participate throughout the Life
Cycle. Uhis enables wl the iseues to be addressed from
anyindegraded paint- of-view,
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v Ground System development. This line ilem apain

veflects the reality of delayed Grotmed System e MO& DA This Yine itenin s only for the oparations
developments.  Maving a2 sepatale and activities and doos nat include developrment lasks
accountabde Bue stein will provide a visibalily a4 has occaned on past projects

wrechaniam for cost manapeaent. Additionally,
Has puovides a recopaition Hal developcnl may
continue uinti) Bid-Of-Mission (e, Voyage.
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« Develop and wmainlain MO&EDA Cost oanodels 1o

At the andmn, the MOKDA Ting item should be
split anto d-(u.'(;]u‘nn(-nl and operebions. Vo
exiemple, ok with Voyagir, thore we oppmiunitier
for develoynnent which are nol kaown ap front, o
even al launch,  Continuing  the MCO&DA
developinent line provides visibility for both
long {orm developmeat pptions and tncortaintics.

(9} WNosw s i 4o yetury 10 1he Isaue of funding:.

We musl allocale a higher percentage of MO&EDA
funds 4o continiois mpaovement plus sdvanced
definition and developinent in MOEDA tools and
systems 10 address sopport for fotare missions. A
coordinated progiram to ensove the develepmeny,
demoenstietion, and applicetion of advanced
technology in the operabion of NASA's sarnee
yivission would e a ggoificant eloment in a
perimanent process for continuons aprovenent of
A
1ogran ol focosed delivenes aad technolopy
developenents wonld protbably provide the best
svenne for continuous Timprovemend. plos the
inserbion of new eelnology.

Mission Operations enabling seduced cost

Specific Topls and Achivitics

support (1) pre projects and phese A, the carly
defingtion phases, and {2) phase B and phoaes i,
ihe late detinition and development phases.
brsides modeling (0ols has etion] witl produee a
sfandard work breabdown steactine

o Yormalive the "concarent Cagin¢eiing” aspicls of

the mission developinent Jife eycle

* Jdontify newe ground system conuepts with potendial

Jor costreduction,

s Fornwlize the process of sdeatifylng, estimating and

subimilting, tatended mission oplions.

e Define a uniform MO&DA contingency

anagenwent policy
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Woyou have comments, guestions, or would hke 1o
discuss the findings, conclusions and actions, {the autho
naay I aeached al.
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